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57 ABSTRACT

The present invention relates to a negative-type photoresist
composition for thick film, comprising: (A) 20 to 50 wt % of
an alkali-soluble resin which is polymerized from a plurality
ofkinds of monomers, wherein the monomers includes com-
pounds represented by formulas (1A) and (1B), and based on
the weight ratio of the monomers to the alkali-soluble resin,
the sum of the formula (1A) compound and the formula (1B)
compound are 20 to 60%, and X of'the formula (1A) and (1B)
may be independently H, methyl or ethyl.

(14)
X CH,
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(B) 10 to 30 wt % of crosslinker which can be a bisphenol use of the above-mentioned negative-type photoresist com-
fluorene derivative monomer having at least one ethylenically pound for thick film.

unsaturated double bond; (C) 5 to 15 wt % of photo initiator;
and (D) residual solvent. The present invention also relates to 9 Claims, 1 Drawing Sheet
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NEGATIVE-TYPE PHOTORESIST
COMPOSITION FOR THICK FILM AND USE
THEREOF

CROSS REFERENCE TO RELATED
APPLICATION

This application claims the benefits of the Taiwan Patent
Application Serial Number 102138621, filed on Oct. 25,
2013, the subject matter of which is incorporated herein by
reference.

BACKGROUND OF THE INVENTION

1. Field of the Invention

The present invention relates to a negative-type photoresist
composition for thick film and use thereof. More particularly,
the present invention relates to a negative-type photoresist
composition for thick film and use thereof for an electroplat-
ing process.

2. Description of Related Art

In recent years, with the development of electronic equip-
ment miniaturization, industrial circles have pursued the
development of high-density package technology such as
multi-pin thin-film packaging and miniaturized packaging.

A photoresist for thick film is a critical material for the
semiconductor assembly process mentioned above. For
example, it can be used in a bumping process for the forma-
tion of bumps or metal terminals by electroplating. However,
because electroplating solutions for manufacturing bumps or
metal terminals usually include cyanide or non-cyanide, it is
hard to maintain the shape of such photoresist during the
manufacturing process. Therefore, the deformation or peel-
ing of the photoresist for thick film would easily occur and
cause problems such as undesired wire conduction or short
circuit. Furthermore, in an electroplating process for a silicon
wafer, the adhesion between the photoresist and the substrate
should be considered. For example, it should be ascertained
whether the photoresist can be easily peeled from the sub-
strate after the electroplating process and whether the adhe-
sion between the photoresist and the substrate can be main-
tained well during the electroplating process.

Therefore, it would be helpful to develop a photoresist
which can be used to a bumping process of silicon wafer and
has characteristics such as high photosensitivity, good adhe-
sion with silicon wafer, and high resistance against deforma-
tion during electroplating for promoting the development of
related industry.

SUMMARY OF THE INVENTION

The object of the present invention is to provide a negative-
type photoresist composition for thick film, which can exhibit
high photosensitivity, good adhesion with silicon wafer, and
high resistance against deformation during electroplating by
including an alkali-soluble resin having a rigid structure and
a bisphenol fluorene derivatives monomer in such composi-
tion. Thus, the negative-type photoresist composition is suit-
able for a bumping process of a silicon wafer.

To achieve the object, one aspect of the present invention
provides a negative-type photoresist composition for thick
film, comprising: (A) 20 to 50 wt % of an alkali-soluble resin
which may be polymerized from a plurality of kinds of mono-
mers, wherein the monomers may include compounds repre-
sented by formulas (1A) and (1B), and based on the weight
ratio of the monomers to the alkali-soluble resin, the sum of
the formula (1A) compound and the formula (1B) compound
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may be 20 to 60%, and X of the formulas (1A) and (1B) may
be independently H, methyl or ethyl,

X ICHZ
0 0
X ICHZ;
(l) 0

g

(B) 10 to 30 wt % of crosslinker which may be a bisphenol
fluorene derivative monomer having at least one ethylenically
unsaturated double bond; (C) 5 to 15 wt % of photoinitiator;
and (D) residual solvent.

1a)

(1B)

In the above-mentioned negative-type photoresist compo-
sition for thick film, in order to regulate the compatibility
between (A) the alkali-soluble resin and the other compo-
nents, the monomers used in the polymerization for the prepa-
ration of the alkali-soluble resin may further include another
kinds of monomers. For example, in one example of the
present invention, the monomers may further include com-
pounds represented by formula (1C), formula (1D), or a com-

bination thereof,
H,C CH;,
HOIO
HC CH;.
OIO

1c

(D)

In the above-mentioned negative-type photoresist compo-
sition for thick film, the alkali-soluble resin may be polymer-
ized by a plurality of kinds of monomers which are repre-
sented by formulas (1A), (1B), (1C), and (1D), wherein based
on the weight ratio of the monomers to the alkali-soluble
resin, the sum of the formula (1A) compound and the formula
(1B) compound may be 20 to 60%, the formula (1C) com-
pound may be 10 to 30%, and the formula (1D) compound
may be 10 to 20%, and X of the formulas (1A) and (1B) is
independently H, methyl or ethyl,
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XICHZ,
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(1D)
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range such as weight average molecular weight, polydisper-
sity index, or acid value. For example, in one example of the
present invention, the polydispersity index (PDI) of the
alkali-soluble resin may be 1 to 3, and the weight average
molecular weight thereof may be 8,000 to 30,000 g/mol.
When the weight average molecular weight of the alkali-
soluble resin is lower than 8,000 g/mol, the chemical resis-
tance of the alkali-soluble resin may be poor. Thus, the nega-
tive-type photoresist composition including the same may not
maintain sufficient stability when being applied in a photore-
sist-related process, resulting in the dissolution or deforma-
tion of the photoresist. Otherwise, when the weight average
molecular weight of the alkali-soluble resin is higher than
30,000 g/mol, the resolution of the photoresist formed by the
negative-type photoresist composition may not achieve a
standard required in the process. Therefore, during the prepa-
ration of the above-mentioned negative-type photoresist
composition, in addition to the consideration of the compat-
ibility between the alkali-soluble resin and the other compo-
nents, the weight average molecular weight of the resin also
may be controlled for the improvement of chemical resistance
and resolution of the photoresist manufactured from the nega-
tive-type photoresist composition.

In the above-mentioned negative-type photoresist compo-
sition for thick film, various kinds of bisphenol fluorene
derivative monomers may be used as the component (B) of
the above-mentioned negative-type photoresist composition
as long as it can be used to the negative-type photoresist
composition and has at least one of ethylenically unsaturated
double bond for photopolymerization without being specifi-
cally limited thereto. For instance, in one example of the
present invention, the bisphenol fluorene derivative monomer
may be a compound represented by formula (2),

@

In the above-mentioned negative-type photoresist compo-
sition for thick film, in addition to the consideration of the
compatibility between the alkali-soluble resin and the other
components, it may be good for applying the negative-type
photoresist composition by controlling the physiochemical
characteristics of the alkali-soluble resin in an appropriate

65

wherein m, n, X and y may be each independently an integer
from O to 2, and at least one of m, n, x and y may not be 0. In
addition, as for another example of the present invention, in
the compound represented by the formula (2), m+n+x+y may
be 2 or more so that the crosslinking reaction may be effi-
ciently achieved. In particular example of the present inven-
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tion, the bisphenol fluorene derivative monomer may be
ethoxylated bisphenol fluorene diacrylate represented by for-
mula (2A).

(24)

Moreover, in the above-mentioned negative-type photore-
sist composition for thick film, those skilled in the art may
also add various kinds of additives according to the required
characteristics of the prepared negative-type photoresist com-
position, but the present invention is not limited thereto. Also,
the present invention does not specifically limit the amount
range ofthe additives as long as the required characteristics of
the prepared negative-type photoresist composition can be
achieved and the above-mentioned negative-type photoresist
composition still keep the required characteristics such as
good adhesion and resistance against deformation during
electroplating. For instance, in one example of the present
invention, the negative-type photoresist composition may
further comprise larger than 0 to 10 wt % of inhibitor. In
another example, the negative-type photoresist composition
may further comprise larger than 0 to 10 wt % of adhesion
promoter. In yet another example, the negative-type photore-
sist composition may further comprise lager than O to 10 wt %
of leveling agent.

In the above-mentioned negative-type photoresist compo-
sition for thick film, the component (C) of the present inven-
tion may be any known photoinitiator for the negative-type
photoresist composition as long as it can initiate a photopo-
lymerization reaction, but the present invention is not specifi-
cally limited thereto. For example, the photoinitiator may be,
but not limited to: aromatic ketone, p-aminophenone, benzo-
quinone, benzoin ethers, benzoin, benzyl derivatives, phos-
phine oxide, and acylphosphine oxide. Such photoinitiators
may be used independently or may be a combination includ-
ing two or more photoinitiators, but the present invention is
not limited thereto. Also, the photoinitiator may be selected
from anyone of known commercial product or a combination
thereof such as Irgacure® 184, Irgacure® 369, Irgacure®
500, Irgacure® 651, Irgacure® 784, Irgacure® 819, Irga-
cure® 907, Irgacure® 1300, Irgacure® 2010, Irgacure®
2020, Irgacure® 2959, Darocur® 1173, or Darocur® 4265
(produced by Bast), or Chemcure-TPO (produced by Chem-
bridge), but the present invention is not limited thereto.

In the above-mentioned negative-type photoresist compo-
sition for thick film, the component (D) of the present inven-
tion may be any known solvent for the negative-type photo-
resist composition as long as the other components can be
appropriately dispersed therein, but the present invention is
not specifically limited thereto. For example, the solvent may
be, but not limited to: hexane, heptane, octane, decane, ben-
zene, toluene, xylene, benzyl alcohol, methyl ethyl ketone,
acetone, butanol, ethylene glycol, diethylene glycol, ethylene
glycol monomethyl ether, propylene glycol monomethyl
ether, 2-methoxybutyl acetate, 2-ethoxybutyl acetate,
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4-methoxypentyl acetate, methyl lactate, butyl acetate, pro-
pylene glycol monomethyl ether acetate, propylene glycol
monoethyl acetate, methyl propionate, methyl benzoate,
N,N-dimethylformamide, N-methyl pyrrolidone, tetrameth-
ylene sulfoxide, chloroform, or dichloromethane. Such sol-
vents may be used in single or in combination of two or more
of them, but the present invention is not limited thereto.

Accordingly, present invention can prepare a negative-type
photoresist composition with required characteristics such as
high photosensitivity, good adhesion with silicon wafer, and
high resistance against deformation.

Another object of the present invention is to provide use of
the negative-type photoresist composition for thick film. The
negative-type photoresist composition for thick film can be
used to prepare a photoresist with high photosensitivity, good
adhesion with silicon wafer, and high resistance against
deformation during electroplating owing to the alkali-soluble
resin having a rigid structure and the bisphenol fluorene
derivative monomer included in such composition. There-
fore, the photoresist prepared from the above negative-type
photoresist composition can be applied in an electroplating
process without undesired problems such as deformation,
dissolution or peeling off of the photoresist.

To achieve the object, another aspect of the present inven-
tion provides a method of using the negative-type photoresist
composition for thick film in an electroplating process, which
includes a step of using the negative-type photoresist compo-
sition for thick film to form a photoresist layer on a substrate
to be electroplated.

More specifically, the above-mentioned method of using
the negative-type photoresist composition for thick film in an
electroplating process can include steps of applying the nega-
tive-type photoresist composition on a surface of a substrate
such as a silicon wafer surface, and forming a photoresist
layer through exposure and development. Then, the substrate
with the photoresist layer formed thereon may be subjected to
an electroplating process for forming a metal layer (e.g. a
wiring layer or bumps) on the surface of the substrate at the
region with no photoresist thereon. Finally, the photoresist
layer on the surface of the substrate may be stripped by an
appropriate treatment.

During the electroplating process for forming the metal
layer on the surface of the substrate, the photoresist formed by
the negative-type photoresist composition would not encoun-
ter the problems of peeling off, deformation or dissolution
because the negative-type photoresist composition includes
the above-mentioned components. Consequently, the undes-
ired defects such as short circuit can be avoided, and the yield
can be improved. Thus, the negative-type photoresist compo-
sition of the present invention is suitable for any known
electroplating process which requires photoresist such as a
bumping process of wafer packaging.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1A to 1C are SEM results of Example 1 of the present
invention.

DETAILED DESCRIPTION OF THE PREFERRED
EMBODIMENT

Examples 1-9

With reference to Table 1, negative-type photoresist com-
positions of Examples 1 to 9 are independently prepared
according to the amounts of alkali-soluble resin, crosslinker,
photoinitiator, inhibitor, adhesion promoter, leveling agent
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and solvent shown in Tables 1 and 2. The used alkali-soluble
resins are MB211 (benzyl acrylate/tricyclo [5.2.1.0*%]decan-
8-0l methacrylate/methacrylic acid/glycidyl methacrylate;
BzMA/TCDMA/MAA/MAA-GMA, Mw=13000,
PDI=2.55, acid number (AN)=~98 mgKOH/g, produced by
Miwon), MB120 (benzyl acrylate/tricyclo [5.2.1.0>%|decan-
8-0l methacrylate/methacrylic acid/glycidyl methacrylate;
BzMA/TCDMA/MAA/MAA-GMA, Mw=10000, acid num-
ber (AN)=130 mgKOH/g, produced by Miwon), or BL.100
(benzyl acrylate/methacrylic acid/2-hydroxyethyl methacry-
late; BZMA/MAA/HEMA, Mw=10000, acid number (AN)
=~100 mgKOH/g, produced by Delta Synthetic Co., L.td). The
crosslinkers are ethoxylated bisphenol fluorene diacrylate
and its derivatives (BPF-022 and BPF-102, produced by
HANNONG Chemicals). The photoinitiators are Irgacure®
819, Irgacure® 369 and Chemcure-TPO (produced by Chem-
bridge). The inhibitor is hydroquinone, the adhesion pro-
moter is Z-6011 (produced by DOW CORNING), the level-
ing agent is R-41 (produced by DIC), and the solvent is
propylene glycol monomethyl ether acetate (CAS No. 108-
65-6). The amount of each component of each example is
shown in Tables 1 and 2.
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methyl methacrylate/2-ethylhexyl acrylate (MAA/MMA/2-
EHA, 8450-S-40, Mw=30000, produced by CHARNG
RUHN) is used to replace the alkali-soluble resin of Example
1 and tricyclodecane dimethanol diacrylate (EM2204, pro-
duced by Eternal) is used to replace BPF-022 as the
crosslinker. The other components and the amount thereof are
similar to those shown in Example 1.

Comparative Example 3

Comparative Example 3 is substantially similar to
Example 1, except that a copolymer of methacrylic acid/
methyl methacrylate/2-ethylhexyl acrylate (MAA/MMA/2-
EHA, 8450-S-40, produced by CHARNG RUHN) is used to
replace the alkali-soluble resin of Example 1 and DM87A
(produced by Double Bond Chemical) is used to replace
BPF-022 as the crosslinker. The other components and the
amount thereof are similar to those shown in Example 1.

Comparative Example 4

Comparative Example 4 is substantially similar to
Example 3, except that a copolymer of methacrylic acid/

TABLE 1 methyl methacrylate/2-ethylhexyl acrylate (MAA/MMA/2-
alkali-soluble 25 EHA, 8450-S-40, produced by CHARNG RUHN) is used to
Example resin crosslinker  Photoinitiator replace the alkali-soluble resin of Example 3. The other com-
ponents and the amount thereof are similar to those shown in
1 MB211 BPF-022 Irgacure ®819/Chemecure-TPO Example 3
ple 3.
2 MB120 BPF-022  Irgacure ®819/Chemcure-TPO
3 MB120 BPF-102 Irgacure ®369/Irgacure ®819 30 .
4 BL100 BPF-022  Irgacure ®369/Irgacure ®819 Comparative Example 5
5 BL100 BPF-102 Irgacure ®369/Irgacure ®819
6 BL100 BPF-102  Irgacure ®369/Irgacure ®819 Comparative Example 5 is substantially similar to
7 BL100 BPF-102 Irgacure ®369/Irgacure ®819 . .
Example 3, except that a copolymer of methacrylic acid/
8 BL100 BPF-102  Irgacure ®819/Chemcure-TPO A
9 BL100 BPF-102  Irgacure ®819/Chemecure-TPO methyl methacrylate/2-ethylhexyl acrylate/glycidyl meth-
35 acrylate (MAA/MMA/2-EHA/MAA-GMA, 8456-S-40,
Mw=16000, produced by CHARNG RUHN) is used to
TABLE 2
alkali-
soluble photo adhesion leveling
resin  crosslinker initiator inhibitor = promoter  agent
Example (Wt %) (Wt %) (Wt %) (ppm) (ppm) (ppm) solvent
1 33 18 2/8 500 1000 1000  residual
2 32 19 2/6 500 1000 1000  residual
3 30 17 3/6 500 1000 1000  residual
4 30 17 2/6 500 1000 1000  residual
5 32 17 2/6 500 1000 1000  residual
6 30 19 3/6 500 1000 1000  residual
7 35 17 3/8 500 1000 1000  residual
8 30 18 2/8 500 1000 1000  residual
9 30 19 2/6 500 1000 1000  residual

Comparative Example 1

Comparative Example 1 is substantially similar to
Example 1, except that a copolymer of methacrylic acid/
methyl methacrylate/2-ethylhexyl acrylate (MAA/MMA/2-
EHA, 8450-S-40, Mw=30000, produced by CHARNG
RUHN) is used to replace the alkali-soluble resin of Example
1 and pentaerythritol tetraacrylate (EM241, Mw=352, pro-
duced by Eternal) is used to replace BPF-022 as the
crosslinker. The other components and the amount thereof are
similar to those shown in Example 1.

Comparative Example 2

Comparative Example 2 is substantially similar to
Example 1, except that a copolymer of methacrylic acid/

55
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replace the alkali-soluble resin of Example 3 and pentaeryth-
ritol tetraacrylate (EM241, Mw=352, produced by Eternal) is
used to replace BPF-102 as the crosslinker. The other com-
ponents and the amount thereof are similar to those shown in
Example 3.

ELECTROPLATING PROCESS FOR SILICON
WAFER

<Sample Preparation>

First, a silicon wafer with a 1000 A of gold layer thereon is
provided as a substrate. The prepared negative-type photore-
sist compositions of Examples 1 to 9 and Comparative
Examples 1 to 5 are separately coated with a thickness of 20
um on the surface of the substrate, and baked for 5 minutes at



US 9,170,491 B2

9

110° C. Then, such negative-type photoresist compositions
are exposed by SEIWA-500UV and are developed with
2.38% tetramethylammonium hydroxide (TMAH) at 23° C.
for forming photoresist layers, respectively. Finally, such
samples are respectively washed by distilled deionized water
for 30 seconds at 25° C. Each photoresist layer on the sub-
strate is observed by scanning electron microscopy for evalu-
ating the resolution and residue of the photoresist layers
formed by the negative-type photoresist compositions of
Examples 1 to 9 and Comparative Examples 1 to 5, respec-
tively.

<Electroplating Process>

The samples prepared by the negative-type photoresist
compositions of Examples 1-9 and Comparative Examples
1-5 are respectively dipped into an electroplating solution
(cyanide type gold plating solution, produced by WC), and
are subjected to an electroplating process with 0.4 current
density (A/dm?, Ampere per Square Decimeter (ASD)) for 30
minutes at 60° C. so that a metal layer can be formed on the
surface of each substrate at the region without the photoresist
layer thereon, respectively. In such experiments, the metal
layer is a bump. Finally, such samples are respectively
washed by distilled deionized water for 30 seconds at 25° C.
After electroplating process, the photoresist layer of each
sample is observed by scanning electron microscopy for
evaluating the chemical strength of the photoresist layers
formed by the negative-type photoresist compositions of
Examples 1 to 9 and Comparative Examples 1 to 5, respec-
tively.

The photoresist layer on the surface of each sample is
stripped by dipping each sample into N-methyl-2-pyrroli-
done (NMP) for 20 minutes at 60° C. Then, such samples are
respectively washed by distilled deionized water for 30 sec-
onds at 25° C. The residual photoresist layer on the surface of
each sample is observed by scanning electron microscopy for
evaluating the stripping of the photoresist.

<Evaluating Results>

Please refer to Tables 3 and 4. Table 3 shows the evaluating
standard of each evaluating item, and Table 4 is the evaluating
results of the samples prepared from the negative-type pho-
toresist compositions of Examples 1-9 and Comparative
Examples 1-5. The evaluation items include resolution, resi-
due after the development of the photoresist layer, chemical
strength of the photoresist layer, and stripping of the photo-
resist layer in sequence. As shown in Table 4, the negative-
type photoresist components of Examples 1-9 and Compara-
tive Examples 1-5 can pass all evaluations. That is, as shown
in FIGS. 1A to 1C, the photoresist layer formed by the nega-
tive-type photoresist composition of the present invention has
excellent resolution (FIG. 1A) and is not peeled off during the
electroplating process (FIG. 1B). Also, the photoresist layer
can be totally stripped without any residue on the substrate
after electroplating process (FIG. 1C).

TABLE 3
O X
resolution The resolution can reach 15 pm  The resolution cannot reach
residue  Without residue on the surface of With residi: cl;[ln the surface

of the substrate
With peeling of the

the substrate
chemical Without peeling of the photoresist

strength  during the electroplating process photoresist during the
electroplating process
strip Without residue on the substrate With residue on the

substrate
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TABLE 4

chemical

strength

resolution residue strip

example 1
example 2
example 3
example 4
example 5
example 6
example 7
example 8
example 9
comparative
example 1
comparative
example 2
comparative
example 3
comparative
example 4
comparative
example 5

(@]9
(@]9
(@]9
(@]9

©“OOOOOO0O0
| OO0O0O0O0O

O O O O 00000000
O O ® X 00000000

Although the present invention has been explained in rela-
tion to its preferred embodiment, it is to be understood that
many other possible modifications and variations can be
made without departing from the spirit and scope of the
invention as hereinafter claimed.

What is claimed is:

1. A negative-type photoresist composition for thick film,
comprising:

(A) 20 to 50 wt% of an alkali-soluble resin which is poly-
merized from a plurality of kinds of monomers, wherein
the monomers include compounds represented by for-
mulas (1A) and (1B), and based on the weight ratio of
the monomers to the alkali-soluble resin, the sum of the
formula (1A) compound and the formula (1B) com-
pound are 20 to 60%, and X of the formulas (1A) and
(1B) is independently H, methyl or ethyl,

1a)

X CH,

0 0
X ICHZ;
(l) 0

g

(B) 10 to 30 wt% of crosslinker which is a bisphenol
fluorene derivative monomer having at least one ethyl-
enically unsaturated double bond;

(C) 5 to 15 wt% of photoinitiator; and

(D) residual solvent.

2. The negative-type photoresist composition for thick film
as claimed in claim 1, wherein the monomers further include
compounds represented by formula (1C), formula (1D), or a
combination thereof,

(1B)
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ILC CH;,
HOIO
LG CH;.
OIO
o

3. The negative-type photoresist composition for thick film
as claimed in claim 1, wherein the alkali-soluble resin has
weight average molecular weight of 8,000 to 30,000 g/mol
and polydispersity index of 1 to 3.

4. The negative-type photoresist composition for thick film
as claimed in claim 2, wherein the alkali-soluble resin is
polymerized by a plurality of kinds of monomers which are
represented by formulas (1A), (1B), (10), and (1D), wherein
based on the weight ratio of the monomers to the alkali-
soluble resin, the sum of the formula (1A) compound and the
formula (1B) compound are 20 to 60%, the formula (1C)
compound is 10 to 30%, and the formula (1D) compound is

10 to 20%, and X of the formulas (1A) and (1B) is indepen-
dently H, methyl or ethyl,

ac)

(1D)

(14)

10

15

20

25

30

12

-continued

X ICHZ,
0 0

S
X

(1B)

(10
CHg,

O

(D)

HZCICH3.
O (6]
(6]

5. The negative-type photoresist composition for thick film

as claimed in claim 1, wherein the bisphenol fluorene deriva-

tive monomer is a compound represented by formula (2),

@
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wherein m, n, X and y are each independently an integer from
0 to 2, and at least one of m, n, x and y is not 0.

6. The negative-type photoresist composition for thick film
as claimed in claim 5, wherein m+n+x+y is 2 or more.

7. The negative-type photoresist composition for thick film
as claimed in claim 1, further comprising larger than 0 to 10
wt% of inhibitor.

8. The negative-type photoresist composition for thick film
as claimed in claim 1, further comprising larger than 0 to 10
wt% of adhesion promoter.

9. The negative-type photoresist composition for thick film
as claimed in claim 1, further comprising larger than 0 to 10
wt% of leveling agent.

#* #* #* #* #*
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